Objective: to examine the key determinants of pharmaco-epidemiology in Australian nursing homes. Design: a cross-sectional survey of medication use in 998 residents in 15 nursing homes in Southern Queensland and Northern New South Wales. Results: the total, laxative, digoxin/diuretic, benzodiazepine and psycholeptic medication prescribed and administered to residents of nursing homes was affected to differing extents by age and gender, the nursing home, resident functional disability and medical practitioner. Resident Classification Instrument (RCI) category and nursing home were the dominant determinants for prescribing and administration of the total drugs, laxative, benzodiazepine and psycholeptic medications. In contrast, the resident use of digoxin and/or diuretics was dependent on the resident age and on the functional disability (RCI category) of the resident but not medical practitioner or nursing home. Approximately 30% of medications were prescribed on a pro re nata (p.r.n.) basis and administered at the discretion of registered nurses. Conclusion: nursing home culture is a major determinant of the variability in medication use between residents, particularly for those medications often prescribed for p.m. use. The nursing home does not account for variation in the use of digoxin and/or diuretics which are prescribed on a non-discretionary basis.
Introduction
The use of medication, particularly psychotropic drugs, by elderly residents of nursing homes has been the subject of a number of studies. The mean number of medications prescribed for elderly patients in nursing homes ranges from six to eight per patient in the USA [1] to two to six in Ireland and the UK [2] . Studies have also examined aspects of psychotropic drug use [3 -5] which, in Australian nursing homes, is amongst the highest in the world [5] . Medication affects quality of life. The number of medications prescribed may lead to iatrogenic complications [6] and specific impairments in mobility and cognition [7] in older patients. The determinants of prescribing and administration patterns for nursing home residents are not well understood. Identification of factors influencing the patterns of medication use in nursing homes could lead to development of strategies to optimize medication use with consequent improvement in residents' quality of life.
The present study defines the pharmaco-epidemiology of residents in a number of nursing homes. The influence of nursing home, medical practitioner and resident characteristics (age, gender and functional status) were considered. The difference in the pharmacoepidemiology of prescribed and administered medications was of particular interest. One US study has suggested that the number of medications administered to a resident is about half of the medications prescribed [1] , reflecting the high frequency of prescription on an 'as needed' [pro re nata (p.m.)] or discretionary basis.
This study was the first phase of the Quality of Medication Care Project and is based on prescribing and administration information obtained on 998 residents from 15 nursing homes. The Quality of Medication Care Project sought to examine, using a randomized, controlled design, whether an intervention based on team-building, education and medication review could improve drug use outcomes. It was conducted at the University of Queensland in conjunction with the Pharmaceutical Education Scheme of the Australian Government.
Methods

Study sample
Randomly selected, non-government nursing homes with more than 20 beds in Southern Queensland and Northern New South Wales were invited to enrol in the study. Government-run nursing homes were excluded because they used a different drug supply system and did not use the care needs assessment instrument used by non-government homes. To conserve resources, nursing homes with less than 20 beds were excluded. Sixteen homes with a total of 1022 residents consented to participate. Nursing home managers were asked for permission to gain access to records which were the property of the nursing homes because of the difficulties of obtaining informed consent from residents, many of whom had significant cognitive impairment. The study protocol including the consent process, was approved by two separate and independent medical research ethics committees and reviewed by a third.
Data collected
Medication data for a 7-day period and demographic details were collected from medication charts and nursing home documentation for 1022 residents during the period February to March 1994. Any medication order that was valid (where medication was able to be legally administered from the order) for part or all of the collection period was recorded and denned as 'prescribed' medication. Medications were defined as being 'administered' where the administration of at least one dose was recorded at some time during the 1-week data collection period (medication was either given or it was not). Medications were identified as 'discretionary' if 'p.m.' or equivalent was written on the prescription or the order was written in the p.m. section of the medication chart. This definition maximizes the extent of administration of discretionary medication.
The medication data collected included the brand name of the drug (or generic name if written as such), strength, route of administration, directions, drug commencement date, number of doses usually taken per day, times of administration and the number of doses given in the 7-day period. All data collectors were familiar with drug names, prescribing abbreviations and the interpretation of medication orders.
Demographic information included the resident's date of birth, date of admission, gender, medical practitioner, health care entitlement number/s, dispensing pharmacy, hospital admissions in the previous 12 months, adverse incident reports in the previous 3 months, patient clinical assessments in the previous 3 months, and the Australian Resident Classification Instrument (RCI) together with its elements.
The RCI classifies resident functional ability and care dependence on a five-point scale and is based on the weighted assessment of 14 elements associated with nursing care [8] . It is a standardized instrument used to calculate payments made to nursing homes by the government for the care of each resident, and is audited by nursing home surveyors. Residents assigned an RCI rating of 1 are generally severely incapacitated and bed-bound; those with a rating of 2 also tend to be bed-bound but require less nursing care. With increasing RCI rating, nursing care needs decrease and mobility increases, so that residents with the maximum rating of 5 are able to perform most of the activities of daily living fairly independently.
Data analysis
All data •were entered into Microsoft Access 2.0 using the Australian Pharmaceutical Benefits Scheme drug identification codes for drug form, strength, and brand wherever possible. Other drugs were allocated project codes. Drug codes were linked and analysed using the World Health Organisation Nordic Anatomical, Therapeutic and Chemical (ATQ code classification valid at January 1994 (outlined in Table 1 ). Data were analysed using the Minitab and SAS statistical packages. One-way analysis of variance (ANOVA) was used to test the separate effects of age, gender, RCI rating, nursing home, nursing home size or medical practitioner (those who visited four or more residents) on medication prescribing and administration. Multiple linear regression was used to estimate the adjusted effects of age, gender, nursing home size and RCI rating. Twoway ANOVA was used to assess the variation in prescribing and administration due to medical practitioner after accounting for the effects due to nursing home. The level of significance was taken to be P < 0.05. Data and figures are presented as mean ± 95% confidence interval (CI), where appropriate.
Results
On 1 March 1994 the mean age of the sample (1022 residents) was 838 years, ranging from 37.9 to 105.2 years with an interquartile range of 79-1 -90 years; 71% of the sample were female. At the time of data collection, the average length of stay was 3-3 years for the 995 residents for whom admission dates were available. Complete medication data were available for 998 residents in 15 nursing homes. The number of medications prescribed per patient was 6.57 (95% CI 6.34-6.80), range 0-22, while the mean number of medications actually administered was 4.75 (95% CI 4.56-4.94), range 0-18 ( Figure 1 ). Sixteen residents (1.6%) had no medication prescribed and 78 (7.8%) had none administered. Overall, 72% of drugs prescribed per person were administered. Of the total, 69% were for non-discretionary medications with 87% being administered at least once in the week of data collection. 31% (2.02 items/person) of total prescriptions were ordered as p.m. Of the discretionary medication, 41% was administered at least once during the week of data collection. The proportion of total items prescribed as p.m. that were administered was not significantly different between nursing homes. Prescribing and administration of the different anatomical classes (ATC codes) of drugs are shown in Figure 2 . The drugs used were mainly in the alimentary, cardiovascular and nervous system groups. Few of the cardiovascular medications (7%) were associated with discretionary or p.r.n. prescribing. In contrast, 38% of alimentary and 46% of nervous system prescriptions were ordered as p.m., and 43 and 39% of these were administered. For benzodiazepines, 39% of orders were for p.m. use, of which 43% were administered. Of antipsychotic prescriptions, 38% were for p.r.n. use and 32% administered. When the 10 most frequently prescribed medications are considered, the low proportion of prescribed drugs that were administered for six of these items (a rate of less than 85%) reflected their p.r.n. use (see Table 2 ). Furthermore, the drugs most frequently prescribed were relatively inexpensive. The mean cost for the maximum pharmaceutical benefits scheme quantity for these 10 items was $AUS 7.53 (£360)-about half the average cost of a pharmaceutical benefits scheme prescription of $AUS 16.78 (£8.05) for 1993 [9] . Table 3 summarizes the determinants of the prescribing and administration of total, laxative, digoxin and/or diuretics, benzodiazepine and psycholeptic medications (the ATC psycholeptic category includes antipsychotics, anxiolytics, and hypnotics and sedatives not antidepressant, analgesic, antiparkinsonian or anti-epileptic agents). Prescribing and administration of digoxin/diuretics increases -with age while prescribing of psycholeptics decreases. Significant gender differences in medication use were limited to the prescribing of laxatives and benzodiazepines.
RCI was a significant determinant of the prescribing and administration of total drugs and of the drug groups examined. Figure 3 shows the relationships between RCI and prescribed and administered drugs per person for total drugs, laxatives, digoxin/diuretics, benzodiazepines and psycholeptics. Prescribing and administration of laxatives were greater for bed-bound residents (RCI category 2) than in more ambulatory residents (RCI categories [3] [4] [5] . Conversely, the use of digoxin/diuretics, benzodiazepines and psycholeptics increased with RCI rating-that is, for more mobile residents less dependent on nursing care.
The individual nursing home accounted for a significant amount of the variation in total drug prescribing and administration (see Table 3 ). This variation was largely due to differences in laxatives, benzodiazepines and psycholeptics, which were often prescribed for p.m. use. Figure 4 shows that home size appeared to influence total drug administration (P< 0.05) and the use of some drug groups: laxative prescribing and administration (P< 0.001), benzodiazepine prescribing and administration (P< 0.05) and psycholeptic administration (P< 0.05). While an apparently linear relationship was observed between size and total drug use, this consistent trend was not seen for the drug groups.
Mutual adjustment for the effects of age, gender, RCI category and nursing home size by multiple linear regression did not affect the interpretation of the results.
Significant differences were observed in the prescribing and administration of medications between medical practitioners (Table 3) . As very few medical practitioners treated residents in more than one home, the variation in medication use between medical practitioners •was likely to be due, in part, to differences between nursing homes. This was borne out by two-way ANOVA using nursing home and medical practitioner as factors, which showed that medical practitioner had no significant effect on the prescribing or administration of total drugs, laxatives, digoxin/diuretics and benzodiazepines, or on the prescribing of psycholeptics. The influence of medical practitioner was significant only for the administration of psycholeptics (P = 0.03).
The effect of the number of residents treated by 
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•02 RCI Category individual medical practitioners on drug use was equivocal-only total drug and laxative prescribing and administration showed significant effects. The total drug prescribing and administration for medical practitioners treating three to nine residents was only slightly lower (but statistically significant) than medical practitioners who treated one to two or more than nine residents (prescribing: P<0.005, range 6.1-7.0 drugs/ person; administration: P< 0.05, range 4.5-5.0 drugs/ person). Laxative prescribing and administration was also lowest for medical practitioners treating three to nine residents (prescribing: P< 0.01, range 0.8-1.0 drugs/person; administration: / > <0.05, range 0.5-0.6 drugs/person). A linear relationship between drug use and number of residents treated by individual medical practitioners was not evident.
Discussion
A more rational approach to prescribing in nursing homes is needed [2] . The extent of medication use found in our study is similar to that reported elsewhere. The average numbers of medications prescribed (6.6) and administered (4.8) are almost identical to those from the data of Beers et al. [1] . In this study, prescribing was conservative in terms of cost and drug selection. All of the medications in the 'top 10' list have been in use for more than 20 years (Table 2) . This reflects both a conservative approach to drug therapy of the older person (the use of medications whose effects in the elderly are better known) and the costcontrolling effects of the formulary of the pharmaceutical benefits scheme. Our data indicate that cardiovascular drugs, especially digoxin/diuretics are seldom prescribed on a discretionary basis and are generally administered (90 and 96% of orders were administered for cardiovascular drugs and digoxin/diuretics respectively). The administration rate is slightly less than 100% because of the small contribution of nitrates and haemorrhoidal preparations to this group. As expected, given the decrease in cardiac function with age, the prescribing and administration of digoxin/diuretics increases with age. In addition (Figure 3b) , the digoxin/diuretic group is prescribed more frequently for ambulatory residents than for the bed-bound.
The administration of alimentary and nervous system medications-the other two main groups used ( Figure  2 )-differs substantially from the amount actually prescribed. As administration is denned as at least one dose taken during the week of data collection, the effective administration may be lower than is apparent in our study. In our view, the finding that a high proportion of prescriptions for these medications are discretionary (Table 2, Figure 2) is, in principle, a good thing when the appropriate use of discretionary medications is understood-the administration of laxative and psycholeptic medication for individual residents is at the discretion of the health carers who assess and monitor residents on a daily basis. The appropriateness of drug use was not evaluated in this study. However, given the link between psychotropic agents and falls [10] , the increasing use of psycholeptics and benzodiazepines with increasing resident mobility, as indicated by RCI category (Figure 3c) , is a cause for concern.
The prescribing of antipsychotic medication is similar to that reported by Snowdon et al [5] . In 1988 Beers et al [1] observed that 42% of all prescribing of antipsychotic drugs in nursing homes in the USA was for discretionary medication, with only 11% of the prescriptions being administered. We find a similar rate of prescription (38%) but the rate of administration at 32% is three times that in the US survey. This observation may be more apparent than real since Beers' study defined administration as medication being given at least 5 times/month. Contrary to the findings of Nolan and O'Malley [2] , who noted decreasing antipsychotic drug use with increasing nursing home size, there was no clear relationship between psycholeptic drug use and nursing home size.
A combination of factors such as organizational environment and staff training or knowledge give rise to different nursing home cultures which appear to influence drug use. The prescribing and administration of total medications varied significantly between individual nursing homes (where each home was a category in ANOVA). This was also observed for the laxative, benzodiazepine and psycholeptic classes. These groups were often prescribed for p.r.n. use. Nursing home culture did not influence the use of digoxin/diuretics which were rarely prescribed for p.m. use, nor did home size or medical practitioner. Beers et al. [1] have voiced concern about the undue emphasis on discretionary medication prescribing and the devolution of responsibility to nursing staff, quoting a report of an adverse effect on patient care [11] . Whether education of Australian nursing home staff can further improve appropriateness of drug use is currently the subject of a separate study.
The medical practitioner was a significant factor for differences in prescription and administration of total drugs, laxatives, benzodiazepines and psycholeptics. These differences were not linearly related to the number of residents seen per practitioner. This suggests that prescribing by medical practitioners who visit many residents and who might be thought to have an interest in geriatrics, is little different from that of medical practitioners seeing smaller numbers of residents. Nursing home culture appears to influence prescribing. This is illustrated by the prescribing of benzodiazepines where the difference was not significant between medical practitioners but was significant between nursing homes. Indeed, variation in prescribing and administration due to nursing home culture accounted for most of the effea attributed to medical practitioner.
Many initiatives to improve drug use have advocated rational prescribing. However, the present study indicates that nursing home culture exerts a major influence over prescribing and administration of medications. The establishment and implementation of satisfactory prescribing and administration policies or systems in nursing homes may well be more effective than pharmaceutical interventions directed towards individual medical practitioners or residents.
Conclusion
It is clear from this study that the resident's disability classification and the culture of the nursing home are the major determinants of prescribing and administration of medication, in particular for laxatives, benzodiazepines and psycholeptics which are often prescribed for p.r.n. use. Medication prescribing and administration patterns in nursing homes are relatively unaffected by medical practitioner, or by resident age or gender.
Key points
• Nursing home culture is a major determinant of medication use, especially for laxative and psycholeptic medications which are often prescribed as 'pro re nata' and administered at the discretion of registered nurses.
• Medical practitioner prescribing in Australian nursing homes is conservative in cost and consistent in the prescribing of medication for which administration is non-discretionary such as digoxin and diuretics.
• Medication use is also related to the functional disability of the resident and, to a lesser extent, their age: laxative use is significantly higher when residents are less mobile, while cardiovascular medication use is more common in the more mobile and older residents.
